Majority of the rural population of Pakistan meet their domestic cooking and heating energy needs by burning biomass in inefficient traditional cook stoves (TCS) resulting in deforestation and indoor air pollution (IAP). High exposures to indoor air pollutants have resulted in serious health problems. In the last few decades, scientific methods have been applied for improving the performance of cook stoves and various types of improved cook stoves (ICS) have been introduced and disseminated in rural areas of the developing countries. This paper presents an assessment of the potential of ICS for biomass conservation in Pakistan. The total potential of biomass saving through replacement of all TCS with ICS has been estimated as 14.5 million tonnes. The paper concludes that more than half of the total biomass consumption for cooking and heating purposes could be saved through substitution of TCS with ICS. The dissemination of ICS would also result in the conservation of forests, reduction in the indoor air pollution level and associated health hazards etc.
Introduction
Biomass is the main source of energy in Pakistan and has about one-third share in total primary energy consumption in the country [1] . About 62% of total population resides in rural villages. Traditionally, the rural and semi-urban masses have been dependent on fuel wood and agro-residues due to poverty and non-availability of local fossil resources in the country. These people meet their domestic cooking and heating energy needs by burning biomass in inefficient TCS with efficiency of about 9 to 13%. The use of biomass in TCS in unventilated rooms has been identified as the primary cause of IAP. The IAP has significant impact on the environment and health of human beings in Pakistan. About 28,000 people die each year due to IAP. The IAP also accounts for 40 million cases of acute respiratory illness per annum. The IAP is a significant economic burden in the country and costs about Rs.67 billion or 1% of GDP per annum. Up to 1,376,000 DALYs are lost annually because of IAP of which 82% is from mortality and 18% from morbidity. The unsustainable production of wood fuel has destructed the forests in Pakistan [2] [3] [4] [5] .
In the last few decades, scientific methods have been applied for improving the performance of cook stoves and various types of ICS have been introduced and disseminated in rural areas of the developing countries including Pakistan. The ICS have efficiencies in the range of 20 to 40% and can save about 40 to 50% of the biomass consumed by TCS. The benefits of the ICS are conservation of biomass fuel, reduction/removal of indoor air pollutants from kitchen, reduction of deforestation and environmental degradation, reduction in the drudgery of tasks performed by women and girl children and also the reduction in health hazards due to exposure to IAP. The amount of biomass that can be saved through substitution of TCS with ICS can be used as a source of additional energy and can partially substitute fossil fuels and reduce emissions of greenhouse gases and other pollutants [6] [7] [8] [9] . This paper presents an assessment of the potential of ICS for biomass saving in Pakistan.
Potential of Biomass Conservation through Dissemination of ICS in Pakistan
About 95% of total rural households and 35% of the total urban households in Pakistan rely on traditional biomass such as wood, animal dung and agricultural waste for cooking and heating purposes. Out of about 22 million total households in the country [10] , about 16.7 million households are relying on biomass. Assuming that all the biomass user households could have at least one ICS, the potential of ICS units has been estimated at about 16.7 million, 14.22 million in rural areas and 2.46 million in urban areas [11] . On an average, a household in Pakistan consumes about 6.5 kg of biomass per day [12] . Bhattacharya et al. [6] have estimated that approximately 60% of the biomass used in Pakistan can be saved by replacing TCS (with 9% average efficiency) with ICS (with 24% average efficiency). But in this study it is assumed that 35% of the biomass fuel can be saved by substituting TCS with ICS. It is also assumed that all the biomass user households could have at least one ICS. Based on these assumptions, the potential of biomass saving per annum has been estimated as 14 million tonnes.
The diffusion of ICS over time in Pakistan has been forecasted using ICS diffusion model [11] :
where ) (t N represents the total installed number of ICS in Pakistan at time t, M is the total potential of ICS in the country, q is the adoption rate of ICS in the country, and p is the integration constant. 50% , for the logistic growth model can be derived by taking the second derivative of Eq. (1) with respect to t, setting it equal to zero, and solving for t. Thus: q p t' (2) 50% can be determined using the values of p and q (regression coefficients) parameters. We can rewrite Eq. (1) as:
The values of model parameter are essential for predicting the dissemination path of ICS in any country. If the ICS dissemination data of any market or country is available, usually for 04 years or more time period, the linear regression of the log-log form of Eq. (1) can be used to estimate the values of parameters p and q (regression coefficients). The developed Eq (4) can be written as
In case of Pakistan, the past time series data of ICS dissemination is unavailable. Therefore, we have employed a strategy of predicting by analogy for predicting the dissemination of ICS in Pakistan and considered India as analogous country to Pakistan [13] .
We have developed a suite of 03 scenarios depicting possible dissemination level of ICS in Pakistan for this study. The suit of scenarios developed in this study is Business as Usual or Standard Scenario (SS), Moderate Scenario (MS) and Optimistic Scenario (OS). For SS or BAU scenario, it is assumed that the dissemination of ICS in Pakistan in the future continues to be motivated by the same forces as were apparent, with no radical events, policy changes or major political or other disruptions in the country. For the OS scenario, it is assumed that in the past, if the dissemination of ICS in Pakistan had been motivated by market forces instead of subsidies, then the total dissemination level of ICS would be three times the actual level of dissemination of ICS in the country. For intermediate or MS scenario, it is assumed that in the past, if the dissemination of ICS in Pakistan had been motivated by combination of market forces and subsidies, then the total dissemination level of ICS would be two times the actual level of dissemination of ICS in the country. For the MS and OS scenarios, a policy environment favorable to ICS technology dissemination in the country has been assumed [11] .
The maximum technical potential of ICS for forecasting the dissemination of ICS in Pakistan has been considered as 16.7 million. The values of regression coefficients (p and q) of ICS diffusion model was estimated by regressing the past time series data of ICS dissemination in India extracted from Kishore and Sharma [8] and Pohekar et al. [14] for various scenarios. The estimated and actual installed capacity of ICS dissemination in India was also compared. The plot clearly indicated that the predicted values using ICS dissemination model coincide well with the actual values. The developed ICS dissemination model followed well the actual data as the coefficient of determination (adjusted) 2 , was above 0.93 for all the developed suit of scenarios [11] .
The diffusion of ICS in Pakistan has been forecasted under various scenarios using the ICS diffusion model. The projected installation of ICS with respect to time is shown in Fig. 1 . The energy that would be saved by installed ICS per annum has been estimated. Table 1 gives the forecasted cumulative number of ICS installed in the country and likely energy saving for various scenarios considered in this study [11] .
It is forecasted that around 9.2, 11.66 and 13.75 million ICS units could be installed up to 2030, the end of the energy demand forecasting period, under BAU, intermediate/moderate and optimistic (ICS technology favorable) scenarios respectively. The results indicate that 55, 70 and 82% of the total maximum technical utilization potential of ICS could be installed in 2030 under the various considered scenarios. By the year 2030, the projected ICS units would save about 6.16, 7.82 and 9.22 MTOE of energy under the three considered scenarios [11] . 
Conclusions
Majority of the rural population of Pakistan meets their domestic cooking and heating energy needs by burning biomass in inefficient TCS resulting in deforestation, IAP and associated health hazards. The total potential number of ICS has been estimated to be about 17 million, 85% in rural areas and 15% in urban areas. About 9-14 million ICS units, 55-82% of the total maximum technical utilization potential of ICS could be installed up to 2030, the end of the energy demand forecasting period, and would save 6-9 MTOE of energy under various scenarios. The ICS could meet cooking and heating thermal energy requirements of domestic sector of Pakistan in the range of 5-27% in 2030. The total potential of biomass saving through replacement of all TCS with ICS has been estimated as 14.5 million tonnes. More than half of the total biomass consumption for cooking and heating purposes could be saved through substitution of TCS with ICS. The dissemination of ICS would also result in the conservation of forests, reduction in the indoor air pollution level and associated health hazards etc. 
